Introduction
Aeration is being applied in numerous industrial processes, for instance for water aeration in biological treatment plants, using CO2 solution or other gases during chemical processes, or for barbotage processes aiding chemical and mechanical processes, such as washing. Mass exchange between the liquid and gas bubbles moving therein is an important element of such processes [10, 11] . Efficiency of the mass exchange is influenced by shapes and dimensions of the moving bubbles and parameters of the bubble movement [3] . The bubble volume, its area, movement velocity and movement trajectory are the most important parameters. It is required that the bubble movement trajectory is known because bubbles rarely move along the rectilinear paths.
In the aspect of metrology, it is difficult to perform measurements of the moving bubbles [1, 7] . Determination of velocity of the gas bubble flow in a liquid is a very complicated task, both theoretically and experimentally. There are numerous papers concerning that subject matter, however there is no satisfactory solution to this problem. It is caused by a very complicated flow mechanism, including the rectilinear, zigzag or helical paths of the bubble flow, depending on the flow conditions, rigid or free surface of the bubble, internal gas circulation in the bubble, different shapes of the bubbles being transferred, interactions between the bubbles, effects occurring near the walls, and the fluid velocity field flowing around the bubble. 
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Assessment of the bubble flow is often performed on the basis of visual observation in a transparent channel [5, 9, 12] . It is quite complex to notice the observed flow in a given structure, so such findings are usually subjective, and the adaptation of average distribution of phase concentration at time and space is often done intuitively. The movement of bubbles travelling in the liquid is very complex (Fig. 1) . The movement trajectory depends not explicitly on vertical forces; despite that on the moving bubble act lateral forces that lead to curvilinear motion. Lateral forces mainly depend on the bubble shape and its spatial position. For the purpose of performing the research study on phenomena occurring during the movement of the bubbles, it is crucial to know the bubble movement parameters being correlated with the information about its spatial position. The paper presents a method, which allows for performing measurement of these parameters. with image analysis, or methods using process tomography [8, 13, 14] are more commonly used for determination of gas bubble parameters. The paper presents a method using image tomography, which allows to determine movement trajectories of the moving bubbles, as well as their local velocities and volumes.
2 The idea of the measuring method The measurement system is based on image tomography using photographic methods combined with image analysis. The method for determining the bubble movement trajectory was elaborated to determine the spatial velocity distribution. The trajectory is designated on the basis of video images presenting the flow in two perpendicular directions being measured over long exposure times (Fig. 2) .
The bubble column is illuminated by two light sources, emitting visible light. Application of the system of mirrors at the angles 2 × 45 o , 2 × 22, 5 o allows to obtain an image consisting of two half-images (Fig. 3) . A system of mirrors was elaborated in order to display images from two sides in the column, synchronized at time. The image is registered by a single camera, so it is not necessary to synchronize images. In order to eliminate such synchronization of images a system with one camera is applied (Fig. 3) .
The registered particular sequences of the image pass to the computer. In a general case, image of bubbles is registered by some cameras placed at different angles. Images from the cameras are analysed with the computer and the tested object is reconstructed. 3 The image reconstruction algorithm The analysed image was converted into its binary form (Fig. 5) . The binary conversion of the image is described in [2] .
Determination of bubble trajectory
The shape of a moving bubble often changes, so it is assumed that the point in relation to which the path travelled by the bubble is determined is the center of mass. The center of mass in space described by three coordinates x s , y s and z s . Since the image tomograph gives us two images of the bubble observed from two sides, the center of mass is determined for each image separately ( 
where: A p -area of one image pixel, x i , y i -value of the coordinate of the i-th pixel of an image.
Fig. 6: Bubble image after binary conversion
The center of mass for two bubble images along the Z axis can be slightly different, so the following averaged value was assumed for z x and z y .
where: z x , z y -coordinates of the center of mass for the XZ and the YZ projection plane.
Velocity of the moving bubble is determined on the basis of the shift vector in the successive image frames at constant time between frames. Identification of the position of bubble in the next image frame is determined by comparing the of the area of an image of bubbles in the immediate vicinity of the location of a bubble. It is possible to do it this way, because the time between the successive frames of the image is very small compared to the moving of bubbles, so there is a great probability that the nearest bubble with the nearest surface area is the same.
The velocity is calculated from the following relationship:
the n − 1 image frame, x n−1 , y n−1 , z n−1 -coordinates of the center of mass for the n − 1 image frame, t k -time between the successive image frames.
Bubble shape reconstruction
Reconstruction puts emphasis on approximation of the bubble shape by ellipsoid (Fig. 7) . In order to determine ellipsoid diameters, it is necessary to define the points of be proportionally increased. 
Projected coordinates of points of contact A, B and C of the ellipsoid with rectangles are determined from geometric relations. The x A , y A , z A , x B , z A and z B coordinates are calculated by solving the system of equations:
where:
Based on the projection of the defined points of contact of the ellipsoid into the planes XZ and YZ, it is possible to determine other coordinates by the ellipsoid projection into the XY plane (Fig. 8) . The angle of rotation γ is calculated from: of the ellipsoid x C , y B are determined
By obtaining all the considered coordinates
with the prism of the side dimensions ax, bx, by, the
solving of the following system of equations
On this basis, an image of the ellipsoid is determined in the 3D space [7] and the bubble volume is being calculated.
The test results
A gas bubble flow was tested in the aeration column in order to estimate correctness of the assumed method. The research tests were performed in laboratories. For test purposes a special stand was built (Fig. 9) .
The stand consists of a glass column of 0.2×0.2×1.5m
in dimensions (1) supplied from the bottom by replaceable jets (2) . Flow of the delivered gas (3) Similar analysis for larger gas streams (Fig. 11(b) ) gives Fig. 12 : The flow rate of the gas bubbles, depending on their diameters [4] Values of the gas bubble movement rates were compared with theoretical relationships described in literature [4] . Fig. 12 shows the dependence of convection rate 
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One of the most popular bubble shape maps was proposed by Grace, Wairegi and Nguyen [6] . Fig. 13 shows comparison of the results from the image tomography and the theoretical relationships proposed by Grace, Wairegi and Nguyen. In Fig. 13 spherical, ellipsoidal and umbrella-shaped bubbles are marked by points of different shapes. The measurement points were re-calculated according to the following relationships.
where: ρ L , ρ G -density of liquid and gas, g -gravitational acceleration, σ L -coefficient of surface tension of liquid, take an umbrella-shaped form, after a while, they become ellipsoidal again. Thus, it is difficult to classify these bubbles, as it can be confirmed by the presented characteristics.
Conclusion
The 
